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ABSTRACT ,
The VARAN (variance Analysis) program is an addition
to a series of computer programs for multivariate analysis of
. variance. The development of VARAN exploits the full linear model.
Analysis of variance, nnivariate and multivariate, is the program's
main target. Correlation analysis of all types is available with
printout in the cernacular of correlation. The hybrid of these,
homogeneity of regression, has been added with as much flexibility as
can be currently mustered. In addition to these, VARAN includes
several styles of factor and component analysis complete with tests
of factorization and rotation techniques. This research memorandum is
the manual for the second edition of VARAN, an enlargement of the
first edition. The mainstream of the program is essentially unchanged
but several additions have been made and three small programming
errors have been corrected. The most extensive addition has been in
serial correlation analysis. (Author/RC)
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Introduction

¢

N

This memorandum is the manual for the VARAN program. (The ecronym
comes from the words VARiance ANalysis) /
The VARAN program is the latest addition to & series of computer

progrems for multivariate analysis of varia. .e which originated about 1957.

About that time R. Darrell rok had a MANOVA type program running on the
UNIVAC at the University of North Carolina. Bock's original program
handled only a few variables and was otherwise quite restricted and was

ot in much general use. Later, in 1962, C. E. Hall and Elliot Cremer
with Bock's assistance published a progrem called MANOVA in FORTRAN 2 which
was internationally circulated. The program handled 25 variasbles and 100
degrees of freedom for hypethesis.

The wide use of this program prompted further development by Cremer

and oy Bock and Finn. In 1966 Cremer published a program called MANOVA

f in FORTRAN 4 followed by Finn and Bock's progrem MULTIVARIANCE also in
. FORTRAﬁ 4, 'The development of these two programs greatly increased the
scope Qf multivariate analyses which could be performed on computers.

MULTIVARIANCE was the first of the programs in this series that
utilized the full linear model. The earlier programs had been restricted
to models of the cell means in their main streams of calculation. Other
veriations on the linear model like canonicael correlation, were of an
"gecidental” nature. With the development. of MULTIVARIANCE the series
. turned to the flexibility of the full linear model.

The development of VARAN continues this series in the exploitation
of the full linear model. Analysis of varience, univariate and multivariate,
is the main target of the proé;am as with the earlier programs. Corre-~
lation analysis of all types is aveilable with printout in the vernacular

of correlation. The hybrid of ciese, homogeneity of regression, has been

4
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added with as much flexibility as can be currently mustered.. In aeddition
to these, VARAN includes several styles of factor and component analysis
complete with tests of factorization and rotation techniques.

The addition of factor analysis and correlation techniques to a
MANOVA program brings several new capacitics to multivariate analysis in
addition to the customary univariat: a.d multivariate ANOVA, correlation
and homogeneity of regression problems. JSome of the new capacities for’
analyses are lis ted below.

1. Three kinds of battery red ~tion procedures from multiple
correlation applied to discriminant, analysis, multivariate analysis «f
variance and canonical correlation.

-

2. Seven kinds of rotation SChemﬁngrom factor analysis applied to-
discriminant anélysis, multivariate analysis of variéncc and canonical
correlation.

3. Factor extension from factér wnelysis applicé to discriminant
analysis, multivariate analysis of variance and canonical correlation.

4. Estimation of population varia:ce and covariance ﬁarameters
from several samples as rownd in anaélys ‘. of veriance appiied to corre-
laetion and factor analycis inocdels.

5. Use of "dummy peremeters” from analysis of variance applied to
factor analysis, analysis of 7ariance (obtaining intraclass correlation
coefficients) and correlation aralysis (complex biserial rorrelation).

6. tiomogeneity of regression technijaes from enalysis of covariance
applied tc correiation analysis from multiple semples and factor analysis
from multipfe examples.

7. Ingeraction tebles for ANOVA models .

8. vatiance reduction analysis for determining the effects of non-

orthogonality in ANOVA analysis.
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9. Dimension rcduction enalysis for determining overlap of effects

e T

in MANOVA and complex cangnical correlation analyses.

The VARAN progrem was written more in the style of a maohematical
exercise in linear calculations than as & solution for specific statistical
models. Therefore, the user can expect to find applications in analysis
which were not specifically contemplated by phe authors. The_VARAN,pngr&m
was also constructed to be easily expanded to include new linear model
techniques as they are generated. Updetes will be forthcoming periodically
and for this reason it is suggested that all copies be obtained either

—_—

from Educational Testing Service or from the authors. ]

As is customary with programs of this size, the. author mekes no
ironcled claims of arithmetic accuracy. Any errors discovered by the
users will be quickly corrscted and distributed to other users. It should
be noted that there were 85 or more problems run to check the accuracy
of the mein streams of calculation. It may also be noticed that the
obility to make linear transformations of the date provides a wide variety
of inte;nal checks on calculation accuracy.

All orithmetic is single precision except for orthogonal polynomial
constructisn. Tre user is warned thet lengthy manipulations of highly
correlated variables are oot advised. (This is not much of & ieficiency
in handling ANOVA designs since data are not generally useful when highly

correlated and cell counts are generally close to orthogonality.)

Tre authors wish to express their appreciation to the programming

staff of Educational Testing Service for three years of assistance.
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Introduction to the Second Edition

The second edition of VARAN is an enlargement of the first edition.
The mein stream of the program is essentially unchenged but several additions
nave been made and three small programming errors have been corrected. (No
errors have been found in the arithmetic.)

The most extensive additioq has been in serial correlation analysis.
“his addition should prove useful in sociological surveys and in complex
sampling designs. -

A féature has been added which mekes Potthoff and Roy models easier
to use.

An‘orthogonal Procrustes rotation scheme has been added to aid specific
hypothesis teéting in canonical eanalysis.

Descriptions of three mechine-dependent subroutines have been added to
the manual to ease conversion to other machines.

., The test problems have been reworked to provide tutelage as Y?ll as

checks at new installations.

Tﬁe manual has been acded to and revised only slightly for VARAN2.
None of the progrem set up has been’deleted although additions have been

maede. The old menual still works for the new program.

Tt is hoped by the suthors tnat these additions will meke VARAN2 even

more useful.
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Control Cards in Brief

1. TITLL Cards: (optional)
Cols
1-4 TITL
5=80 Any alphameric description
As many cards may be used as desired
- 4 —
2. PROBLEM Card: (required) —
’ - Cols
1-4 PROB .
55 Number of variable format cards for data (10 or fewer)
8 Number of contrast card sets (at least 2, at most T7)
/7 N .
10 Mumber of individuel ‘significance test control cards
(at most 6) /
1z Print cell means and variances (1 means yes ¥
14 Print reduced model matrix (1 means yes)
: /
' 17-18 Data file number if not cards
20 + Print only estimates or raw regression coefficients
(1 means yes)
22 Controls printed output (@ gives minimal output).
See Table I
2u Controls printed output (@ adds nothing to above).
tSee Table I
26 Type of covariance adjustment (@ or 1 does the
: classical adjustment; 2 -1ses "error" regression
weights for reduction)
28 - Do not copy data input file for reanalysis B

(1 means don't)

3. Contrast Card Set: (At least two required)

Cols

1 Letter identification of the factor (W is not allowed);
V is allowed only for continuous variables

*
blank always means '"‘no"




10

2 col
fields

Next 2 col
field

Next 2 col
field
Next 2 col

field

20 col
field

1 col

-5

Contrast code for design variables
= ¢ Regular contrasts (also called nominel or
deviation) :

= J. Special contrasts

= 2 Orthogonal polynomials (integral values)
(19 levels or less)

3 Reverse lelmert contrasts

4 Special design parameters

5 Orthogonal Poiynomials (normalized values)
(39 levels or less)

.

Function code for continuous variables (after V)
= § do nothing

= N obtain Nth power of all variables (N > 1)

Humber of levels of & factor (at most 40) or, after V,
the number of continuous variebles (at most 39)

Read in variable nemes (1 means yes)
Controls linear transformation of the variables

"= 1 Linear transformations of the variables
to be read in

= 2 Weighting matrix for trensformations
followed by linear transformations (Potthoff
and Roy models)

= 3 Inverse of weighting metrix for transformations
(Potthoff and Roy models)

Number of variebles in each partition (if no partitioning,
do notning) {et most NORD partitions)

,, (two commas required)

Recoding of all the fesctor identification or, after V,
reordering of all the varielles (if no recoding, or
reordering, do nothing)

,, {two commes required)

Any description of the¢ contrast or variables

. (& period required)
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Contrast Card Set Options: (optional)

a. Variable names cards. FORMAT (10:8)

Any names in 8 column fields, 10 names per card. The name cards
must precede other options.

Special contrasts matrices or special design perameters, FORMAT
(8F10.0) .
Contrast or design metrices are entered a row at a time, the row
for the grand mean being first. Contrast and design matrices are
square and of dimension equal to the number of ievels of the factor.

Orthogonal polynomial metric. FORMAT (8F10.0)
The coefficients of the linear polynomial fit only.

Linear transformations and weighting metrices. FORMAT
(8F10.0)

Weighting matriceJ for transformations {(col 10 = 2 or 3) precede
the transformatioﬁs. Each row of a weighting matrix is punched
in 10 column fields, 8 entries per card on as meny cards as
necessary. Each -row must begin on a new card. The weighting
metrix must be nonsingular, square ard of the order of the number
of variables.

For linear transformations (col 10 = 1, 2 or 3), each regression
coefficient is punched in a 10-column field, 8 coefficients per
card, as many cards as necessai/ for each regression equation. }
Each equation begins on a new ceard. The transformation matrix
must be nonsingular square and of order equal to the total number
of continuous variables.

Significance Test Card (required)

This card contains the model statement and indicates the tests to be

calculated. Tﬁe model stetement *s limited to at most 9 cards. Some of

the more common models are these.

a. Two way factorial analysis of variance
ANOVA : W, A=V, BV, AB=V.

b. Correlation analysis
CORREL: W=@,V1=V2,

One way analysis of covarience
ANOVA : W=, A=V1/V2.
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3. Minres factor analysis with varimex rotation
© FACTORS#2:W=3,$=V.
e. 1Interaction Tables in a three way factorial
INTARL:WAB=V,WAC=V,WBC=V.
f. Serial correlations between two categories, B, pooled
across two samples, A.
SERCOR: W=0,A=0;BWA=V. ‘

The following symbols are used:

ANOVA, CORREL, FACTOR, SERCOR, INTABL and VARED are acronyms
to begin the card and state the kind of model

|
. to separate acronym from model statement

Letters are used to denote ANOVA-type "main effects"”

Letter followed by & numeral for partitions (except after W)

A sequence of letters or letters and numerels without symbols between
for interaction effects

. + to indicate pooling of effects

to separate hypothesis variables frcm error variables.

In this éescription any variable or variables
to the left of an equal sign is called e "hypothesis" variable;
any variable or set of veriables to the right of the equal
- sign is celled an "error'variable except if it is also to the
right of & slash (/) or en ampersend (&).

(minus) for dimension reduction

, (comma)”to separate tests’

; (semicolon) in serial correlation: Any hypothesis variables
to the left are to be treated as contrasts among sample means,
any hypothesis veriavles to the right are to be treated as
contrasts among cetegories

/ to indicate that covariates follow

& to indicate that extension variables follow

]

¥ in an error term between two sets of variables to
indicate that the regression of the left set on the
. right set is to form an €rror term, for an @nalysis

11
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¢ (& zero) as an error term indicates that the hypothesis
term is to be included in the model but not tested

; ¢ (a zero) as a hypothesis term indicates that the

error term is to be used in & factor analysis
b

W as a hypothesis term inticat: 5 the corstant tem

or the grand mear \\J
. : R .
W oin o letter-number sequence indicates that the effect
on. the left is nested in the effect or cells on the —
iright
!

' & digit is required after FACTOR to indicate the type
- of feactor eneglysis, see Table T1

' & after FACTOR and its digit indicates that .rotation of
tne factors is to be done: & digitymust-follow this to
irdicate type of rotation, see Table I1I

. (& period) must ena the statoment

/IOVe dunotes an analysis of 'variance model, multivariate or univariate;
CUREL 3erotes a correlation model, product moment, multiple or cenonical;
SERCOR denotes a serial correlation model, biserial or canonical;

FACTO.. de >tes a factor analysis model, ingluding principal components;
INTABL denotes intwraction tebles for analysis of varience; VARED denotes

& variunce reduction study of correlation end analysis of variance problems.

v. Variable Format Cards (required)

These cards describe the date records and are the usual veriable format

cards o FORTRAN. Ten cards are allowed. (There is no fixed format date
1

option in this program.) It is required that cell identification be

readq 1. pefore the scores on the continuous variables.

LY

oo
N
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7. Data (required)

. ..
The date may be on cards or a computer kept file (see columns 1/-18 cf

<

1 7
the PROB card). If the data are on cards, put en v & cards after the
&

data to meke & blank, but complete, data record. If the date are on a tape

or disk file, the end-of-file mark will signify the end of thc data.

8. 1Individual Significance Test Control Cards (optional)
These cards control the use of expository celculations on designated
tests of the model. At most 6 of the significance tests of the model car

be subject to these techniques.

Cols . Information
1-2 The number of the significance test to which this infor-

metion epplies (obtained by counting equel signs from
the right [or the period])

3-b Probability statement times 100 for battery reduction,
dimension reduction and rotation of canonical variates
in ANOVA and CORREL

Y

4
/




_____

-9~

r'
Cols Information . \

IS Type of battery reduction procedure for error variables

1 for Efroymson's stepwise addition/elimination
procedure

2 for Wherry-Doolittle stepwise addition procedure

3 for Step-up varieble elimination procedure /

7-8 Number of factors to be obtained in & facter analysis.
For components enalysis, the number of components 1is
always the number of variebles and for principal factor
enslysis this is always one less than the number of
. variables; no entries are required for these solutions.
All other solutions require an entry here.

10 Factor! analysis tests
Blank for none
1 for Reo's test in cenonical fector analysis
2 for Rippe's test

12 Type of rotation technique (see Table III)
14 1 for direct rotation of cenonical veriates; all factor
analysis

2 for indirect rotation of canonical variates

16

for taxonomy of variables
for taxonomy of groups

AV o

17-18 Power of 0.1 (multiplied by 10) for the convergence
ecriterion in uniqueness jterations of canonical factor
cnalysis (sec Teble IV). Entering 16 produces &
criterion of u.l 1.6 = ,0251189

20 1 ir squared communalities are supplied for factor analysis

% !
Pe . 1 if weights are supplied for rotations of factors or
canonical variates

9. Individuel Jignificance Test card Options (optionel)

a. Communélities for factor enalysis. FORMAT {8F10.0)
Gquared communelities are entered in 10 column fields, 8 per card,
t'or as ‘many cards s necessary.

b. Weights for fotation of factors and cenonical veriates. FORMAT

(8F10.C)
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Weigh@g are entered in 10 column;fields. Por evch canonicel variate
g\ or faé;or there must be as muny weights as there are variables. The

weights for each canonicel variate must begin on & new card. When

rotating canonical variates in ANOVA or CORREL, there must be &s

many sets of weights as there are canonical variates; if the rotation

is a taxonomy of groups, each set of weights will have only as many

weights as there are groups. For principal componen£$, weights
must be supplied for all components (as many as there are varia?]es).
For all forms of factor ar 1lysis, weights must be\supplied for as
many factors as are indicated in codumns 7 eand 8Jof the individuel
significance test card or, if this is zero, as meny as the number
of variables.

10." TITLE Cerds (optional)

TITLE cards mey be used here to identify reanslyses.

11. Reanalysis Card (optional) S

Cole

1-4 ANLY (not ANALY)
6 1 if & pew significance test card is used
8 number of new contrast cerd sets

(mus®t be used for changing the partitioning of the
continuous variables)

The following features are the same as on the PROB card and appeer in
the same card columns.

/
i

10 Number of individual significance test cards for this
analysis

12 Print cell means and variances (1 means yes)

1k Print reduced model matrix (1 means yes)

Date file number not necessary

io.
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Cols
20 Print only estimates or raw regression coefficients )
(1 means yes)
22 Controls printed output (§ gives minimal output).
(See Table I)
2L ,Contrals printed output (§ adds nothing to the above).
(See Table I)
26 Type of covariance adjustment (§ or 1-does the classical

adjustment, 2 uses 'error" weights for reduction)

All other control cards and their options remain the same as fdr the
. original analysis.

12. Several Problems

Many problems mey be submitted with a single run.

' 13. FINISH card
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. Table 1

Printed Output Controls
»

Informetion which is printed when column 22 and column
2k of the PROB or ANLY card are coded.

7

Codes Cross~-index
for Table
Col 22 Col 2k Information IX
Correlation
Ly, ¥ -k Correlation among the hypothesis variables a
b0 - standard deviation of hypothesis variables -
t,1,2 -—- Cross—correlations between hypothesis and error b
' varigbles B
2 3 Raw score weights for regressing nyprthesis c
veriables onto error variables
2 3 : standard score weights for regressing hypothesis 4
variables onto error variables
> 1,3 Standard error about the regression line(s)
byi,0 - Correlations among the error veriables e
U, —— . Stande d dewriations of the error variables
S
1,0 — Regression sums of squares when total sums of f

t squares of error variables are unitiesl
——— — Statistical Summary

| —— —— Dimension Reduction Statistics (Canonicel Correlation
only)

-~
L

*pPunching a blank (b), a 1 (one) or & 2 (two) forces printing of the informetion.
%%Phis Jesignates that col 24 does not ,control printing of this information.
flumbered footnotes can be found at the end of the table.




Codes

Col 22 Col 2k

r>

1,2

b,2

b,2

b,2

1,2,3

-13-

Information
. . . . o . 2
Univeriete F statistics for error variables

Correlations between “he variables and the
canonidgl variates within ‘the error set

Standard score weights for regressing varisables
onto canonical variates within the error set

Raw score weights for regressing variables onto
canonical variates within the error set
/
Weights for regressing raw score variables onto
error canonicel variates with unit sums of

squares
{

Regression sumsyof squares when total sums of
squares of hypothesis variables are unities

Univariate F statistics for hypothesis variables2

Correlations between the variebles and the
canonical variates within the ihyvothesis set

Standard score weights for regressing variables
onto canonical variates within the hypothesis
set *

Raw score weights for regressing variables onto
canonical variates within the hypothesis set

Weights for regressing raw score hypothesis
variables onte hypothesis canonical variates
with unit sums cf squares

Print only the infrymation indicated in column
2L

Aruitoxt provided by Eic:

Analysis of Variance

Raw estimates of effects

. 3
Standardized estimates of effects”
Orthogonalized estimates of effects”

Univariate standard errors

18
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Col 20 Col 2b Information

\ X X . 5
L, -— Frror dispersions reduced to correlations p

1,0 -— Hypothesis sums of square% when error sums f
of squares are unities

2 3 fiypothesis sums of squares and error sums
) of squares (univariate)
AY

\

- ——— Gtatistical summary

—— -—- Dimension reduction statistics
(discriminant analysis and MANOVA only)

b,Z - Univariate F statistics \\ g
b,2 -——- Correlations between the variebles and the h
tanonical variates
t
b,2 —— ) Correlations between the veriables and the
canonical iates weighted by the square
roots off.the associated canonical variance qQ
=2 . , .
< 2 2 Discriminant function coefficients for r
: standard scores
, o~ .. .
2 3 Discriminant function coefficients for raw J
scores
. g
b,1,2 - Estimates of effects for the canonical variates s
o { b Trensformation matrix for obtaining canonicel t 7

contrasts (unreduced)”

) [ -

Factor Analysis

- - - - - -

appropriate) -
——— - Estimates of standard deviations10
_— — Communelity estimates, when applicable

—— _— Final communalitK estimates (canonical factor
analysis only

1 -— Characteristic roots and vectors

a

Q jif) ‘




Codes

Col 22 Col 2k Information

_— — Factor coefficients (unrotated)

—— — Imeges and anti images (image analysis only)

— _— Canonic?l correlations (Canonical factor analysis
only

Regression weights for factor scores (total
_variance procedures only)

ot
1
]
1

_— -— Statistical tests (if used)
1 _— Residuals from the correlation matrix

Mean and standard deviation of residuals (below
the diagonal)

[
1
]
1

1 _— Frequency (distribution of residuals (if program
is set, up to handle 20 or more continuous
variebles)

Variance Reduction

1 R Sum of squares among design’ parameters and
percentage loss

1 _— * Correlation among design parameters before
reduction ’
1 ——— Correlation among design parameters after reduction
1 — Sum of squares among contrasts and percentege
loss
1 —— Correlations among contrasts before reduction
1 R Correlations among contrasts after reduction
1 —— ’ Correlations among hypothesis sums of squares “

berore reduction

1 — Correlations among hypothesis sums of squares
after reduction

—_— — Data on trace of hypothesis sum-of-squares matrix

_— — Hypothesis variance data for individual variables
and percentage loss

ERIC <0




Codes Cross index

for Table
Col 22 Col 2k Information . IX
Serial Correlation
2 1 Category veriables cross products matrix’ -
0,0 - Category freguencies for nominel contrasts (/"—
4
1,2 - Correlations among category variables a
1,2 1 Standerd deviation of category variables -
1,2 -— Cross correlation between category and
< error variables b
0,1,2 - Estimates of contrasts among category means
(pooled scross samples?) m
1,2 —_— Standardized estimates of_contrasts among
category means (pooled across samples) n
0,2 N Correlaticns among the error variables e
0,2 -— Standard deviations of the error variables
1,2 - Regression sums-of-squeres when total sums-
o of-squares of error variables are unities f
—-—— Statistical summary -
—_ Dimension reduction statistics -
0,2 -— Univariate F statistics for error variables g
0,2 - Correlation between the variates end the
cenonical variates within the error set h
2 3 3tandard score weights for regressing varigbles
onto canonical variates within the error set i
27
2 3 Raw score weights for regressing variables
onto cenonical variates within the error
set Y J

»a
s
P
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Codes
Col 22 Col 2k Information
2 3 Weights for regressing raw score error
variables onto error canonical variates
with unit sums of squares k
0,1,2 —~— Estimates of effects for canonical .
contrasts among categories s
1,2 e Regression sums-of-squares when total . -
sums-of-squares of category variables
are unities - . -
0,2 - Univariate F statistics for category
variables -
0,2 — Correlations between the variates and the
canonical variates within the category n~
set -
2 3 Standard score weights for regressing
within the category set - .
§
2 3 -Raw score weights for regressing variates
onto canonical variables within the
category set (transformation to
canonical contrasts) -
2 3 Weights for regressing category variables

onto canonical variates with unit sums-

of-squares -
‘ -
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Footnotes for Teble 1

Regression sums of squares when the total sums of squares of the €rror
{hypothesis) variebles are unities. This matrix has on its diagonal
the squared multiple correlations between the error (hypothesis)
variebles and all hypothesis (error) variables. The off-diagonel
elements become the correlations among the regressed variables when
they are divided by the square roots of the disgonal elements.

Univeriate F statistics for error (hypothesis) variables: These are
the F tests of the multiple correlations for each error (hypothesis)
variable regressed on all the hypothesis (error) variebles.

Standardized estimates are the rav estimates divided by their standard
errors. A standardized estimate of +1.0 is one standard error above
the grand mean of the data. These figures are easy to relate to
confidence intervels abo' the grand mean.

Orthogonalized estimetes are gppropriate in nonorthogonal designs.
They are what is left of the raw estimates after the nonorthogonality
of the design has been accounted for. The analysis which is produced
is an analysis of these estimates. Comparison of the raw estimates
with the orthogonalized estimates .S sometimes useful in determining ;
the effects of nonorthogonality on the anelysis. In E. Cramer's !
MANOVA these are the "Estimates.”

Error dispersions reduced to correlations. In a multivariate analysis

of variance the error term is a variance-covariance matrix. This is
that error term reduced to a correlation matrix.

Hypothesis sums of squares when error sums of squares are unities.

The diagonals of this matrix when multiplied and divided by the degrees
of freedom give the univariate F-ratios. The off-diagoneal entries are
- type of "covariance F" and reflect the relationships among treatment
effects on the variables.

Correlations between the variables and the canonical variates weigrted
by the squere roots of the associated canonical variance. These values
are related to "Student's" t: when the analysis is of two samples and
e single variable, it is ngtudent's" t. In a MANOVA or discriminent
analysis, summing the squares of these values for one variable across
the canonical variates will produce the univariate F ratio for that
variable.

Estimate of effects for the canonical variates. These are the mean
discriminant scorcs when the grand mean is zero. These estimates alweys
add to zero for each cenonical variate (or discriminant variable).

A
-
N
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Transformetion matrix for obteining canonical contrasts. This matrix,
when used to multiply the contrasts, produces the canonical contrasts.
In orthogonal designs it produces exactly the canonical contrasts; in
nonorthogonal designs it produces the canonical contrasts ignoring
adjustments for the lack of.orthogonality.

Estimates of standerd deviations. This program always assumes that
the data are a sample and not a population. These are not standard
deviations but sample estimates. The estimates are residual to any
covariates or sempling design.

W
Nay
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‘ Table II

. Factor Analysis Codes

\

Codes Type of Factor Analysis

Principal components of dispersion
Principal components of correlation
Principal factor analysis

Image enalysis

Canonical factor analysis

Maximum likelihood factor analysis
Alpha factor analysis )
Minres fector analysis

»
Co-1 O\ W

. Teble III

Factor Canonical Variate Rotation Codes

Codes * Type of Rotation
1 Quartimax
2 . Varimax
3 Equamax
L Promax
5 Multiple groups
6 Orthogonal centroids
. T Orthogonal bounds
8 Orthogonél Procrustes
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Table IV

for Convergence Criterion

. Power x 10 Criterion

11 .0794329

12 .0630957

13 .0501188 ) ./

1h ..0398107 /oo
T 15 .0316227 /

16 .0251189 .

17 .0199526

18 .0158L90

19 .0125893

20 .0100000 l

~

Note: It so happens that the criterion is modular in the
second. digit of the power of 0.1 while the first digit
determines the number of zeros after the decimal; i.e.,
use of 24 gives a criterion of .00398107- and ali gives

a criterion of .0000398107.
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Control Cards in Detail

TITLE Card

Cols
1-h TITL these letters exactly
5-80 wAny description that cen be keypunched

As many TITLE cerds may be used as the user
sees fit. All cards must have the letters
TITL in columns 1 to b

PROBLEM Card . e

Cols Codes Explanation

1-h PROB tnese letters exactly

5-6 NFMC Number of varieble format cards used
(10 or fewer)

The verigble format cards are used to describe
the scores as they appear on the data
ﬁiﬁe. This information tells how many
variable format cards are necessary to
describe the format of the scores.

8 NCONT Number of contrast card sets

(at least 2; at most T)

Each contrast card set describes a factor
of an analysis of varience design except
that one additional set 1s used to describe
the continuous variables of the linear model.
Thus a one-way analysis of variance model
must have two contrast card sets: one for
the design end one for the continuous vari-
ebles. A simple correlation problem must
nave a dummy contrast card set even if it is
caly one sample, and one set for the con-
tinuous variebles.

In many problems the contrast card sets will
have only one card per set.

i)

&
~J
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Cols codes

10 TNFO28
12 MPRINT
14 KPRINT

17-18 INFILE

20 INFO21
ce INFOO

2k INFO19
26 I1IFO16

O

21—

Explanation

Number of individual significance test
control cards (at most €) )

For any tests calculated it is pussible
to enter an individual significance test
control card to mn&gol use of any of
several expository technigues such as
rotation, battery reduction or the like.
At most 6 tests may use these tech-
niques, so that at most 6 individual
significance test control cards may be
used.

1
Punching a 1 (one) forces-printing of
the cell means and variance; leaving
a blank avoids calculation and printing

Punching a 1 (one) forces printing of the
reduced model matrix

If the data ire con cards and submitted
with the set-up cards, leave blank,
If the data are on a compuser kept file,
punch in the file number

- s

Punch a 1 {one) when only estimates of
effects or regression coefficients are
desired for all the tests. Ctherwvise
leave blank

This column controls what output is to
be printed. Leaving it blank prints
the bare essentials of the test.
Punching a )} (one) or 7 {two) prints
additional ouvtput., Jee Table I

This column also contrels What output is
to be printed, OUee Table 1

This column con*rols regression in analysis
of covariance and m st be used for all
covariate adjustments of data, Punching
2 1 (one) produces the classical analysis
of covariance adjustment, Punching a 2
(two) produces 2 reduction of the hypothesis
sum’'of squares by the error regression
weights. Failure to ernter a code results
in the classic~al adjustments.

T
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Cols Codes Explanation

" 28 INEO35 Punching & 1 in this column prevents copying

of the data file for reanalysis. This is

particularly useful for large date sets

when no reenalysis is to be done; it saves

time on the machine. M

o

&

R
%

ERIC 29




Vv

- -

3, Contrast Card Sets

‘The description bel.w shows that tie requlired int

]
'pather i ard,

more than one card, hence the term "ourt set

+ I v
Set vy oench

One set is required for the continuous variables and e S

[

factor of an ANOVA desipn. If the .ntn comprise 2 single seanp e no often

happens in factor analysis or corre.ation analysis, 1° 5 s*1l1 rurerony ’
!
~

Lo include a contrast card set tor u "factor of a tesirn'y theer i, trear

z1

the dat m as if it were a one-way lesign witn a single lerel,
may be convenient to have a 1 at some pesition in eadn data recoriy or .

any constant digit can be used and recoded, even a blank, [he ~rier of

the card sets must be the same 3 the crder in which *he Jduata faotor ~o b

~

appear on the variable format statement,

Tt is not necessary that a’l "factors" of a gesign appear ~. Lhe

significance test csrd, This makes it possible to ulle a

" 1"

factor
c)de for file editing or in later rearalyses of the data. Use »f n factor

4
code fgzkzaiting should be limited sime the ~ulled cases are refected

t

and listed on the output.

'

Cols Nane Explanaticn
1 NTABLE Por a factnr of an ANOVA design: Any

letter except V or W, butl no two
factors may use the same letter

For the continuous variables: -
The letter V only

=3 ICONT Contrast codes fcr design variables ‘
= b Regular contrasts: Also called
nominal and deviation contrasts
Example: for three levels of a factor
mean 1/3 1/3 1/3
af 2/3 -1/3 -1/3
|

art  -1/3 /3 -1/3

= 1 Special contracts, Any set of contraste
{the user wants. The matrix must be fed in
as described below and must follow this card
set immediately

LRIC
B 30
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Cols Name / Explanation

= 2 Orthogonal polynomials (integral values

only). This option generates orthogonal
“\ polynomial contrasts and design parameters as

integral values. The number of levels is
Jimited to 19 for numericsl reasons. The
metric of the polynomial (i.e., the linear
coefficients) must be supplied and must follow
this card set immediately.

PO = 3 Reverse Helmert contrasts: &lso
called difference contrasts, These
contrasts are as follows:

mean 1/ /b 1/h 1/h
- dfl -1 1 0 0
af -1/2 -1/2 1 0

af -1/3 -1/3 -1/3 1

It should be noted that the fractions
involved in these contrasts are not
exactly representable on computers.

This may ceuse serious numerical problems
due to rounding errors when the number of
data cases is large, s&y & couple of
nundred

w N

= | Special design parameters. Any set of

design parameters the user wants, The ° -
‘matrix' must be fed in as described below

and rust follow this card set immediately.

= 5 Orthogonal polynomiels (decimal values
only). This option generates orthogonal
polynomials with normalized coefficients.
Coefficients can be generated up to order 39,
and the polynomials of order 39 ure accurate
at least up to degrec 5. The accuracy of the
higher order polynomials is not guaranteed.
The metric (i.e., the lineer coefficients)
must be supplied and mus' follow this card

. cot immediately

For power functions of continuous variebles
= ¢ no powers generated

= N (after V). When the contrast card

set describes the contiruous variables, this
number describes the number of powers of
each variable that will be generated to

form a4 new veriable; that is, if n = 3,

the variables V, V2 and V3 will be aveileble
for analysis. It wil) also be assumed thgp
there are N times the number of variables
(i.e., 3 x V) in the new analysis end that
they are in the order v, V&, v3,
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. Cols Name Explanation .
L-6 NLEV Number of levels for the factor or, after V,
the number of variables (not including
powers ) ’
8 KRDNA = b if the dummy or, after V, continuous

varizbles are to be labeled by number

=1 if the dummy or,*after V, continuous
veriables are to be l:}eled by names

. which will be #upplied immediately after
this card set

10 KLINT For meking linear transformetions of the con-
tinuous veriaebles of an analysis. Three .
options are available.

= 1 ordinary linesr transformetion. Coeffi-
cients are expected in the original order of
variables. (7

= 2 Potthoff and Roy trensformation with the
weighting matrix. The weighting metrix
precedes the matrix of the transformations.

= 3 Potthoff and Roy transformetion with the
inverse of the weighting matrix. The inverse
of the weighting matrix precedes the matrix
of the transformations.

11,12 LEVSUB When the dummy or the continuous variables
and 2 ) are to be subdivided into partitions,
columnn 4this is number of variasbles in each
fields pertition., The number of degrees of
freedom or variables are punched in 2 )\
column fields and must actount for

all degrees of freedom or the total /

nuiber of variables. If no partitioning
is done, ignore

the next ,, {two commas). This is necessary whether
2 column or not the variebles are partitioned. If
field the variables are not partitioned, the .
commas go into columns 11 and 12
- -~
in 2 RECODE Recoding of factor level identification or .
column reordering of the variables

fields
; For recoding the level identification,

enter the code as it appears in the data

file in the order in which the codes are

to be renumbered. For example, if the

codes are 15, 5 and 31 and these are

to be recoded as 3, 1 and 2 meke the ;

entries in columns 11 through 16 as b53115.

Use two column fields throughout and account

for g1l levels. Zero is an admissible level

B ‘ code.
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Ccls Name Explanation

For reordering continuous variables,
enter the serial numbers of the variables,
as they appear on the date file, in the
new order. Use two column fields through-
out and account for the total number of
variables. When several operations are
. done to the varisbles in sequence, the
ol sequence of operations is
1. raising to powers

2. making linear transformations
' 2, reordering
L, vpeartitioning
5. naming

In employing these features, the user must keep
in mind such problems as (1) linear trans—
formetions must include all powers of
the variables, (2) partitioning takes
place on transformed and reordered variebles
ete.

When variables are raised to powers, columns
4 to 6 must contain the number of original
variables, but all subsequent operations
must take account of the original variables
and their powers, That is, if there are 5
/ original variebles and these are raised to

the d power, the program will expect
15 {ineéy transformations, 15 variables to
reotdder, |5 variables to partition end
15 names
in the ,, (two commas), This is necessary whether or
next 2 not the variubles are partitioned and
column whether or not reordering or recoding has
field been used, If neither feature is used,

the commus go into columns 13 and 1h

the next ANAME Any alphameric description of the factor or
20 or variable set, This may be as long as 20
* less characters

columns
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Cols Name: Explanation
Last . (a periodi)
Column

i, Contrast Card Set Options

a,

These desc.iptions govern use of options found on the contrast cards.
Of the 4 optiohé, uée of one precludes use of the others except for the
variable names option. When variablc¢ names are supplici, the names cards
must precede cards used for other options: 21l opticns requiring cards
must follow the contrast card set to which they apply and precede any

successive contrast card set.

Variable names cards

The use of this option enables printing of names on the output.
Both continuous variables and design parameters (or contrasts)
may be named, although dummy parameters for ANOVA interactions
will always be numbered.

Names will have 8 characters (including blanks, and 10 names
may be put on a card. When dummy parameters are named there
must be as many names as there are degrees of freedom. When
continuous variables are named there must be as many names

as there are variables. When the continuous variables are
reordered, the names must be supplied in the new order as the
names are not reordered. When linear transformations are made,
the names will be affixed to the transformed variables
(including analysis of covariance). When powers of the variables
are generated, the program expects as many names as there are
variables times powvers.

Special contrast or special design cards

This option enables use of special one-way contrasts and design
parameters, They are entered as square matrices with as many
rows and columns as there are levels of the factor. The first
centrast or design parameter entered is always that for the
corstant term or grand mean and is the first row of the matrix.
The weights for obtaining the coustant term or grand mean nee
not be all equal nor do the contrast coefficients or design
parameters need to sum to zero, although this is usually
desirable,
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The elements of the matrix are punched in 10 column fields,
8 elements per card. Each row must begin on a new card and
may continue on as many cards as necessary. 4

c¢. Orthogonal polynomial metric

The coefficients of the linear polynomial are called the metric
and are usually (depending on the experiment) the jntegers “
from 1 to N indicating equal spacing of the levels of treatment.
Equal specing is not necessary, however, and the metric need

not be successive integers.

The coefficients of the linear polynomial are entesed in 10
column fields, 8 per card and continued on as many cards as y
necessary.

d. Linear transformation of the continuous variables arnd Potthoff and Roy nodels.

This option allows for testing linear combinations of the
continuous variables. To use option 1 it is necessary to use

all the variables in the regression equations and to have as many
regression equations as there are variables even though some of
the coefficients might be zero or one., The regression equations
are entered as a transformation matrix, with the equations as

rows. Each row begins on a new card, the coeffici -ts are punched
in 10 column fields, 8 per card, and on as many ¢ 1S as necessary.

When using option 2 or 3 for Potthoff and Roy models. the weighting
matrix or its inverse precedes the matrix of the transformations.
The elements weighting matrix or its inverse are entered a row at

a time, punched in 10 column fields, 8 per card the same as the
transformation matrix. It is essential that the weighting matrix .
prec=de the transformation matrix.

when reordering is used in conjunction with linear transformations,
the reordering takes place on the transformed scores.

5. Significance Test Card ]

The significance test card deseribes the model under which the data
are to oe analyzed ani tested. Linear models in three styles or calculation
are available: analysis of variance, correlation, and factor analysis.
"he calculations *> be made are indicated by the acronyms ANOVA, CORREL,
or FACTOR in the first few columns »f the significance test card.

Calculating interaction tables in a factorial sampling design can be

3
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indicated by the acronym INTABL. Variance reduction studies can be
calculated by using the acronym VARED.

Use of the acronym ANOVA invokes solution of the linear model as an
analysis of variance problem. Either one variable or meny may be analyzed
in the model. The null hypothesis test utilizes Wilks' lambda
criterion as approximated by the F distributi n. Although the lambda
distribution is ostensibly mul?ivariate, its degenerate cases, uni-
variate ANOVA, Hotelling's T2, Mahalanobis' distance D, discriminant
analysis and "Student's" t are all handled automatically.l

Use of the acronym CORREL invokes solution of the model as & corre-
lation problem. The nulli hypothesis test is Wilks' lambda criterion as
is the case for ANOVA problems. Agein, the degenerate cases of canonical
correlation: multiple correlation, product moment correlation, biserial
correlat;onggnd point biserial correlation are all handled automatically.

Use of the acronym SERCOR invokes a serial correlation analysis
model. Serial correlation is used to analyze characteristics of
observations within samples (in contrast to ANOVA which analyzes
differences between samples). Serial correlation models are'a mixture
of ANOVA and CORREL models. To calculate a biserial correlation between
a dichotomous characteristic, A, and variables, V, the model statement

SERCOR:W=0;A=V.
is appropriate. This states that the effect for the grend meen, W,
is swept out of A and V because W is to the left of the semicolon.
The effect A is not swept out of the variables,\V, «, that A = V is
analyzed as a correlation model. This is a simple model which could

also be calculated as either an ANOVA or CORREL model.

36

&
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More complex serial correlation models are common for & model with
several samplks, A, and one characteristic, B, common over the samples
the followiné mcdel is appropriate

SERCOR:W=O,A=O;B=V,A3fV . -

Here W and A are to the left of the semicolon to remove the effects of

grend mean and between sample variation from the date before analyzing

the characteristic B. The effects for B are not removed from AB and V
because they are to the right of the semiCAlon; likewise AB is not removed
from V. The effect AB=V 1s a test to check the homogeneity of regres;ion
of B onto V in the various semples of A. Further discussion of the uses
of serial correlation is found in the reference cited in the bibliography.
Serial correlations can be performed with all the variations of the linear
model: covariates, rotation of canonical varistes, Potthoff and Roy models,
dimension reduction, etc.
Use of the acconym FACTOR invokes a factor-analytic decomposition of

ths duta. Ueveral types of solutions are availeble as displayed in

Table I1. The acronym FACTOK must be immediately followed by a digit

from Table II to Genote.which factor decomposition is to be used. It

is possible to Jdenote a rotation procedure by following this digit ﬁith

2 number sign (#) and another digit to denote type of rotation. When

commuﬁality procedures other than squared multiple correlations are used,

the individual significance test card elso must be used. When less

+han all the factors are to be extracted, the individual significance

+est card must be used.
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Use of the acronym INTABL generates interaction tgbles for ANOVA
problems, Interaction tables are generated as a nesting procedure with-
out i1ncluding the grand mean in the model. Thus the statement ,WAB=V1, '
generates all the means of the variables in V for the AB interaction

of an ANOVA model. It is possible to generate many interaction tables .

in the same model statement. The estimates used for corstructing '
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interaction tebles are the rew estimates and are not subject to analfsis

of ccvariance adjustments. Interaction tables adjusted for covariates :7 .

may be obtained by w ing regression transformations on the original'

.

variables.

Use of the acronym VARED generates a study of the sum of sguares .

Y

for hypothesis before and after reduction of the mode’ to orthogonality.
Model statements follow the rules Tor AKOVA and CORREL models. VARED
studies are not subject to analysis of coveriance adjuistments except

by using regression transformations on the driginal variables.

On the remainder of the card, special symbols, letters and numbers

are usea to designate the model to be analyzed.

v
%

Letters. The letters used are those from the contrast card set.

That is, use oftheletter A ussumes that there is an effect and a factor
“

Jf the design to be called A and that there is a contrast card set that

tas "A" purchel in column 1.

"ere is alsoc a contrast card set for the continuous variables which
nas a "V" in column 1. When the phrase A=V, is punched into the card,
L ooar of sguares for the A effect will be generated and tested for its |
pesrescion on the variaties V.

If the desirn ic 2 factorial, there ng; 1lso be a B effect to test.
¥y this' we punch the phrasc ,3=V, ir the significance test card. 7o
sogt the interaction effect we.punch the phrase ,AB=V, in the card.

The use of twe or more letters aljacent generates the Kronecker product

.¢ *he main e“fect lesign parameters necessary for testing interactions.

frder of Kronecker product. This program generates Kronecker products

in “he order tletermined by the order of the contrast card sets and
Y .
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¥

ultimately by the input data record. Consider the term Ak, I the
contrast cards set for fictor A precedes that for factor ¥ whii~. 1o
say the identification code for factor A is to the left of *he {tenti-

fication code for factor P on the data file) the AB dummy parameter: are

generated and the estimates printed in the order a]bl’ aébl’ CRUNPRRE
anbl, alb2’ a2b2,...,anb2,a bf’ "’anbm . The same order is gunerated

\ . .
whether the interaction term is written BA or ArF,

Equal sign. An equal sign (=) is used to separate the hypothesis

-

variables from the error variables. The hypothesis variables are
designated by letters and numbers to the left of ihe equal sign; the

—error variables are designated by letters and numbers to the right of

the equal sign. \

\ .

Commas, colons, and periods. Commas (,) are used to separate the

.

-

tests from each otner. A colon (:) is used to separate the model
acronym from the te<ts; and a period (.) is always the last character

in a model statement.

,
“

Grand mean and zero. The constant term or grand mean mey be included

in the model by using the phrase ,W=@, where W indicates the constant
term as a hypothesis and § (a zero) indicates that there are no error
variables for the hypothesis and no test to be made. The use of zero
as an error term is the way in which a set of variables may be included
in the model as if they were hypothesis variables but not tested.
When @ is used as a hypothesis, it indicates that the error term is
to be subjected to factor analysis.

With this information it is possible to write a significance

test card for a simple factorial analysis of variance:

N 0




(a) ANOVA:W=@,A=V, B=V AB=\,
v o4 sisnificance test card for a fotor analysis:
(b) FACTORL:W-¢,4 V.

numbered partitions. The contrast card option for partitions mak s

t povsible to subdivide the sets 0 o parameters and continuous

variables into several subsets, The partitions are written on the
significance test card as Al, A, or Vi, V3, B4, ete., the number
referring naturally to the ordinal position of the partition (this use

.¢ numbers can be easily confusei witn the use of nurbers in nested
AY

With this information it is possible to write the following models

.t many others.,

-

Partitions i adlysis of variance (such as orthogonal

polynomial tests) _&39
"’J 4

—~
.

AIOVA:A=@  AL=Y A =V, BV, ALB=V ADB=V,

. .
£V Correlation models

. home menelty O orosresta noin g one-way design

ADOVATW=L s A=d, vV =4 IR =V,
() A principu. Pactor attysis or several samples
FACTOR N [.A:{.f L
4 ’ N

() “orrelnatica snalysis from several samples

CORRDL:W=E ASS,VIsYL
P supn. e rlus cleno Dsoused e opood several effects to produce
. s 0 oyanres.  lnoan analysic of variance with several factors, cone
et cer quberactiong and test them simultaneonusly “or the

AER A SLOTN R A

. v
e e veemiables VeV,

ERIC
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For instance,
{(h)  ABFACHERCEARC=VY #Y
When orthoponal polynominaly ure partitioned, this wive ailows ro-
pooling of high orde» polynomiajs for simultaneours testing, ae Collowny,
(i) ,Pi=v,Po=V,PuPhapo=v, ‘

When + is used betweer two sets cf variablcs,\the variables are
pooled before any other operation takes place: For examrle VI/VI 4V~
indicates that both V2 and V3 ar. intly covariates feor V1.

Wiien the parameters for a give. effect are usel both singly
in some tests and pooled in other tests, the order in which the
parameters are presented on the significance test card must always

be the'same fcr every test in which the parameters are used,

W and numbers for nested analyses. The letter W is commonly used

in statistical literature to indicate nesting; BWA indicates tha'
several sampies, B, are nested in each of the levels or samples o /.
This notation is expanded slightly here as follows.

(3) ,BWAl=V, indicates a test of B within the first
level of A.

(k) ,BWAl+RWA2=V, indicates a pooled test or B within
only the first two levels of A,

(:) ,BWA=V, indicates a test of B pooled for all levels
of A,

(m) LBWAC, indicates a test ~f B pooled over all cells
of a two-factor design, A7,

(n) ,V1WAl=vV2, indicates a test c¢® the correlation between
V1 and V2 within the firet level of factor A,

Here, a number, used after a letter which follows a W, indicates
the level, not a partition. A number used after a letter but before

a W (or in the absence of a W) indicates a partition,

ERIC

Aruitoxt provided by Eic:
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Slash (/) for analysis of covariaunce. The use of a slash indicates

that all variates after the slash and before the next comma (or colon
or period or minus) are to be covariates for the test indicated. A
slash and variables immediately following the acronym indicates that
all the tests in the model have ‘hose variables as covariates. This
makes possible thd following types of models.

..) Analysis of covariance in a factorial analysis of
variance

ANOVA:W=@ A=V1/V2,B=V1/V2,AB=V1/V2. or
ANIOVA/V2:W=¢ ,A=V1,B=V1 ,AB=Vl,

(p) Partial correlation
CORREL:W=¢,V1=v2)v3.

(q) PFPrincipal components analysis with covariates
FACTORL /V2 W=, P=V1,

(r) ALOVA:W=@,A=V1,B=V1/V2 ,AB=V1/V2+V3,

Ampersand (&) for extension. The use of an ampersand indicates

thst all the variables after the ampersand and before the next comma

r o~ .on voreriod or mirus) are to be used as extension variables
t- rne ranonical variates of the test indicated. An ampersand immediately
¢nllowing the ascronym incicates that exteusion is to be done to all
the ~anonical variates in all the tests in the model statement. This
makes :t puSsible tc write the following models.

{s) Inscriminant analysis of V1 and A extended to V2
ANOVA :W=@ ,A=V1&V2, or

ANOVA&RVD :W=¢ ,A=V1,
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(t) Canonical ecorrelation Ybeween Poand Vi extenaed to
Vo oand V4.

CORREL W=, B=VI &V, +V ¢,

I

(u) Tactor anulycic «* VI extended to VoL

BACTORE :N=g , #=VI&V .

Humber sign (#) for rotation. The use of # after the acronyn

'

FACTOR and its iirit inticates *ht factors are to be rotated. A

dirit must follow to denote which rotation scheme is 1o te 13ed,
4 .
Table 171 lists the types of r tations available. This makes it possible
to write the model.
(v) Alpha factor analysis with equamax rotation

FACTORTH $: W= 9=V,

(Rotation of canorical variates in ANOVA or CORREL

can be done only by using the individual significance

test card.)

Asterisk (%) for components of variance. In many components of

variance models, the error term for = test can be generated as a
regression sum of squares. More simply, the sum of squares for hypothesis
of one test may be the sum of saquares for errors of another test.
Therefore, Lo make it easy to cal-ulate the sum of squares for error
we use the notation A¥V to dencte the regression of continuous variables
V on dummy parameters A tn form an errer term. This notation is allowed
only on the right of an equal sign where errors are designated.

It should be noted that this prosram will not solve multivariate
components of variance models where the numbor of continuous variables
V is more than the number of .dummy parameters A or degrees of freedom

oy errnr,

ERIC .
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Minus (-) for dimension reduction. In muitivariate models, it mey

be desireble to remove the significant canonical variates of one effect
from the veriables to be analyzed for enother effect: to wit, the
significant canonical variates of an ANOVA interaction »< woved from con-

sideration in & test of a main effect. If A end B are main effects in

an ANOVA design and AB their interaction the statement

,A=V-AB=V,
will generate & test for A independent of any significant interaction
effects.

Semicolon (;) for limiting sweeps in serial correlation. In ANOVA

and CORREL models all hypothesis terms in the model statement are swept

out sequentially—from left to right leaving a residual sum-of-squares of
the variables} In serial correlation, the hypothesis terms which lie to
the left of tb;‘semicolon are swept out but those hypothesis terms to the
right of the semicolon are not swept. The assumption being that ypothesis
statements to the right of the semicolon refer to characteristics of the

observations in the samples or populations.

" falel
Q ) . Lxdd
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Special notes.

(e) When effects are partitioned and repooled (for example V1+V3)
the pooling must alweys be presented on the significance test card
in ‘he seme order. That is, you cannot state A=V1+V3 and B=V3+Vl
in the same model., You must state A=V1+V3 and B=V1+V3. Also, when
effects are partitioned, they must stay partitioned: i.e., A=V is not
an alternative for Al+A2=V when A has been partitioned.

(v) In one model statement, & set of parameters mey be used only
for a hypothesis, an error, an extension or a covariate but not for
two of these,

6. Varisble Format Ccards

These cards describe the way in which the data on the observations
appear on the data file. There may be as many as 10 cards to describe

the format. The use of the variable format follows the customary
o

FORTRAN restrictions.

Suppose the data eppeared as follows:

Cols. 1-5 information to be ignored

6 level number >f the first factor

7 information to be ignored

8-9 level identification of the second factor
10-13 a datum on the first continuous varisble
14-18 a datum on the second contiﬁuous variable
19-21 information to be ignored
22-25 a datum on the third continuous variable
26-to end information to be ignored

46
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The information on these records can be read with the following
variable format statement
(5%,11,1X,12,F4,0,F5.0,3X,FL.0)
It will be noticed that all identification numbers are expected in
fixed (I, integer) format while all continuous variable scores are

expected in floating (F, decimal) format.

About factor identification. The reading of factor level identification

must precéde the reading of variable scores. In the ebove example the
deta record is arranged so thet this occurs naturally. It is possible
that the fector lgvel identification is interspersed among the variable
siores; in this case the "+ab" feature of format statements mey be used to
read the factor level identification before the variable scores. If this
cannot be done the data will reed to be rearranged to put level codes first
in the records.

All records must contain factor level information. Whén single
samples are analyzed, it will be necessary either to include a constant

on the file or to fake a factor with one level. This may be done by

reading a number off the record and recoding it to 1 or ?i reading a

blank on the record and recoding it to 1.

On <BM machines it will also be necessary to note the following
comment abou: reading integer verieble scores in ¥ formet: for example
reading the score 12 as F2.0.

Tne score 12 read as F2.0 occupies 2 characters. When the program
copies this score to save it for reanalysis, it copies 12.0 in two
characters 2.0 which dces rot include the 1: The copy is overflowed.

when the copy file is read for reanalysis the progrem will register an
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overflow in subroutine DATVEC. To prevent this disability either
manufacture the original file as 012 and read it as F3.0 or manufacture
the original file as 12, and read it as F3.0.
7. Data

The data may be on any file as long as the file is designated on
the problem card by a two-digit number in columns 17 and 18. Blanks

in these columns indicate the data are on cards and follow the variable \\\ .

format statement. N
If the data are on cards, a blank data record must follow the data:
there must be as many blank cards as there are cards in the data record

{
of oﬁe observation. If the data are on a tape or disk file an ordinary

|

end7of-file mark will do.

/A§ a rule it is simpler to arrenge factor level identification codes
first on the data record before the continuous variable scores because
these codes must be read in first in the record. This expedient is
not a necessity on many machines because of the "tab" feature of

FORTRAN IV compilers,

8. Individual Significance Test Control Card

The individual significance test cards are used to control nrocedures
which can be applied to particular significance tests and not to others.
These procedures are expository in nature sad nov usually subject to
statistical testing. Arbitrarily, the number of statistical tests
in the model to which these proceéures can be applied is limited to six.

Each individual significance test control card is presented with
the options which apply to it. The control cards are presented in the
reverse order from the order of the tests on the significance test

card {i.e., last to first).

LRIC
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Information

The number of the significance test to
which this information applies. To
obtein this number from the significance
test card start at the period and, pro-
ceeding backwards toward the acronym, count
the number of equal signs uatil the test
which epplies is reached, use that number
in columns 1 and 2.

L]

The probebility, multiplied by 100, used to
control (1) additions end deletions of
variables in battery reduction, (2)
dimension reduction (use of minus signs)
in ANOVA end CORREL and (3) the number of
canonical variates to rotate in ANOVA
or CORREL.

Type of battery reduction procedure for error
variables

=1 Efroymson's stepwise aeddition/elimination
procedure

=2 Wherry-Doolittle stepwise addition
procedure .

=3 Step-up varisble deletion procedure

MAXFAC Number of factors to be utilized in factor
analysis tests, rotations and extensions.
This does not epply to "the two principal
components solutions as they always obtain
as many components as there are variables.
Tt does not apply to principal factor
solutions as it always obtains one less factor
then there are variables. All other procedures
require an entry.

Statistical test procedure for factor anelysis

=@ none

=] Rao's test, for curonicel factor analysis
only

=2 Rippe's test

Type of rotation technique for factor analysis
or multivariate ANOVA or CORREL. (Use of
this is not necessary if the # (number sign)
is used after the acronym FACTOR.) See Table
T1I for the useable codes. .
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Column Name Information
1k - For direct or indirect rotations
=1 Direct tation of canonical variates

or factor analysis rotation
=2 Indirect rxtation of canonical variates

1€ - For taxonomy of rodation

variables
roups (in MANOVA only)

=1 for taxonomy o
=2 for taxonomy of

17-18 - Criterion for uniqueness\covergence in canonical
factor analysis. This\criterion is entered as
an exponent (multiplied\by 10) of 0.1 so as
to give a wide range of values to convergence.
The entry may be any tyojgigit number (see
Table IV). For example, the entry 31

. . 3.1
produces a convergence criterion of 0.1 =
.000794329.

20 _— ' Communalities supplied for factor analysis
=1 if squared communalities are suppiied
for factor analysis. Only three procedures
use this option: principal factor analysis,
canonical factor analysis and image analysis.
If communalities are supplied, they must
immediately follow this card.

=¢ if squared communalities are to be the

squared multiple correlations bet -een the
variable and all other variables. IT IS NOT

! NECESSARY to use an individual significance
test control card tc have squared multiple
correlations used as communalities. All
common vari.nce factor analysis procedures
have an automatic default to squared
multiple correlation,

20 -— =1 if weights are supplied for multiple groups,
orthogonal centroids or ortnogonal hounds
rotations. If weights are supplied, they
must immediately follow this card or the
supplied squared communalities.

9. 1Individual Significance Test Control Card Options

a. Supplied communalities

Communalities (squared) must be entered 8 per card, in 10

column fields, and in the order in which the variables are to be

analyzed.

- S0
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b. Weights for rotations
The weights on each variable which determine a transformation
vector are entered 8 to a card on as many cards as necessary. Each
weight is entered in a 10 column field. In each transformation
vector there must be as many weights as there are variables and
each transformation vector must begin on & new card.
The number o% transformation vectors to be entered is determined

by the problem. For ANOVA and CORREL problems, there must be as.

many vectors as there are canonical variates; i.e., the minimum
of the number of variables (degrees of freedom) for the nhypothesis
or the number of error variables. Fof factor analysis the number of
sets of weights must be either the number of variebles sr the number
of factors specified in columns 7 and 8 of(the individual significance
test control card.

10. TITLE Cerds (optional)

TITLE cards may be used to identify reanalyses.

1%.. Reanalysis Card (optional)

This card aellows, in the same run, reanalysis of the data. Two major

changes are allowed in reanalysis: (a) change of any or all contrast card

sets and (b) change of the model statement. There are some featurgg of the
first .analysis which cannot be changed on reanalysis: (a) the nuﬁber of
contrast card seés used cannot be increased (although some factors of the

' design may be ignLred in the model statement); (b) the numgz} of levels
or variables may not be increesed (although some levels or variables

may be ignored on the model statement); and (c) the format of the data

(the variable format card) may not be changed.
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Cols Information
1-4 ANLY, these letters exactly
6 If & new significance test card is used to

alter the model analyzed, punch a 1l (one)
in column 6. (Zach change of model must
be eccompanied by a reanalysis card)

8 . The number of changed contrast card sets
which are to be used in reanalysis. This
feature can be used to alter several features
of the model.

(2) The contrast used for a given
"eactor” of the design mey be changed.
The letter designation of a "factor"
may not be changed.

(b) The way in which the dummy parameters
end continuous varisbles are parti-
tioned into subsets may be chenged.

(c) The nemes of variables may be chenged.

(d) The transformations of variables may
be included or changed.

To change these features simply follow
the origiral instructions above.

The following features are the same &S described for the PROB card

and eppear in the same card columns.

10 ) . The number of individuel significance test
control cards for this reanalysis

12 Print cell means and variances (1 means yes)
14 Print reduced model matrix (1 means yes)
20 Print only estimates or raw regression

coefficients (1 means yes)

292 Controls printed output. See Table 1
ol Contrcls printed output. See Table I
26 Type of covariance adjustment (0 or 1 does

the classical edjustment, 2 uses the error
regression weights for reduction)
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The options of columns 10 to 26 must be reinstated for each reanalysis

because doing a reanalysis erases the controls of the previous analysis.

12. Several Problems

Many sets of data may be analyzed in one run. The cards for each set
may follow each other.

13, FINISH Card

AN

A card with FINISH in columns 1-6 may follow the last problem.

o3
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Programming Notes

The VARAN program is written in FORTRAN IV for an 1BM 360-65 computer.
_Insofar as possible it is written to be compatible with any computer which
uses FORTRAN-like compilers. Such features as may need changing are
accessible without much labor. The following list shows some of these
Yeatures,

1. All multiple precision statements are titled "DOUBLE PRECISION."

2, All input-output units are designated by integer con;tants vhich

can be changed in the main program.

3. A1l dimensioning constants Tor changing the size of arrays are

centralized in tne main program and four executive subroutines.
This allows for easy changing of size parameters and adaption of
the program to special problems. The arrays and their dimensioning
constants are listed in Tables VI through VIII. The program is
listributed in three sizes, Tiny, Standard, and Large. The FQRTRAN
iecks are the standard size while instructions are on the tape

for implementing the tiny and large sizes.

The program is put together in two basic sections, one for the clericel
part of setting up the model, and another for doing the mathematics of the
solution. .The clerical section is controlled by the executive subroutines
GUBEX1, GUBEXS and SUBEXL. The mathematical section is controlled by the
ehecutive subroutine SUBEX2 with tne factor analysis subsection controlled
by CUBEXS. Table V lists each of the subroutines with a brief description

-

7 its purpose. This table lists each major executive subroutine end after
/ -

i+ {he miscellaneous subroutines used oy it as well as the major subroutines

{
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which are called by the executive subroutine. fhe order of the listing
i3 roughly dictated by the rollowing consideretions:
1, the order in which the program executes
2. the order in which the overlay structure is put together, and
3. tre or .- - which the FORTRAN decks are listed on the mailer
tape (the exception here is that th~ executive subroutines are
at the hea( of the mailer tape)
Corment cards a- ws'd quite liberally to explain the functions of
subroutines. A’ = aead of each subroutine there are several comment cards
which describe the function of the subroutine and how it operates.

Accuracy of calculations. The programming sequence was arranged in such

% way as to be convenient and accurate for multivariate problems. Therefore
some of the univariate side statistics have been menipulated excessively
outside the mein flow of calculations and do no¢ serve as checks for

nunerical accuracy. Accuracy checks should be made on the multivariate

calculations.
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Assembly language subroutines. "Pwo of the subroutines MOVCHR and BINBCD

sre written in assembler code because FORTRAN IV does not perform the necessary
operations. Another IFRMA is word size dependent. Listings of these sub-
routines are provided from the mailer tape but brief descriptions are &lso
included here.

MOVCHR. The calling statement is: Call MOVCHR(NS,SA,NR,RA). The
routine moves the NSth character in 3A to the NRth position in SA. In the
2alling sejuence NS is the integer position of the character to be moved, SA
is the address of the source vector; NR is the integer position to recelive
the cnaracter, RA is the address to the receiving vector.

EXAMPLE:

Dimension A(4), B(L4)

where A contains ABCDEFGHIJKLMNOP and B contains QKRSTUVAXYZ123456
Cell MOVCHR(12,4,3,B)

Result: A unchanged
i contains QRLTUVWXYZ123LS6

PINBOD. This is a real function which takes an integer, I, and converts
it to alrha format, right Justified. The following examplie is given in IBM
nexadecimal notation.

Example X = BINBOD(I,10)

Inrut Output
T o= 9NINNoNL ¥ = LoLoLOFl l
I = NO0N0NoN{ ¥ = LOLOhOF6

Al*howh the a *hors are not cartain (having fallible memories) to the best
L& +ir knowledse VARAN uses only & single precision space £illing option;
trnis is wny the secona arrument is 10 in VARAN. The routine as originally

jevised is reneralizea to allow general integer conversion, zero fill, space

5O \
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fill, insertion of implied decimal point, and uses single or double unrecision
results.

IFRMA. This is a function which converts integral num*ers in AIPHA
format to integral numbers in INTEGER format. Zero is returned if a space
is input

Examples in HEX(360) code:

K = IFRMA(X)

Input Output
X = Fikokoko K = 00000001
X = F6hokoko K = 00000006
X = holokoko K = 00000000
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Table V
Jubroutine Name Function Called from
MAIN
Main program
MATA MANY
. Aid matrix A to matrix B and put in C
MATX ’ MANY

M ltiply matrix A times matrix B and put in C

ERROR MANY
Writes out error messages

IMPINV MANY
Subrcutine to obtain an improved inverse

v IMPINV
Inversion of asymmetric matrix-Gauss pivotal

1FRMA MANY
Function o convert alphabetic characters to integers

MOVCHR MANY
Moves a character

LOOKUP MANY
Cearch table for value equal to X

BINBCD , RDSIGT
Converss binary to EBCDIC (IBM 360)

SUBEXL MAIN
Executive subroutine to set up data vectors

RDCONT SUBEX1

. Read contrast cards and contrest card options and set up one way

design parameter matrices

. DFVDES BDCONT
Obtains leviation contrast design parameters

CECON RDCONT
Reads in special contrasts (transposed) and computes design
variables for special contrasts

SPTPOL RDCONT
Computes orthogonal polynomial design variables

HELDE. FPCONT
Obtains reverse lelmert design parameters

o8

e A A e e 4
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Table V (Cont'd)

Sabroutine Name Function Called from
SPDES RDCONT

Reads in special one-way design matrices

POTROY . RDCONT
Reads in weighting matrices end transformations for
Potthoff and Roy models

KDSIGT SUBEX1
Read the significance test card for the first time and set up the
parameter codes for the terms listed. The scanning is done
from left to right stopping at the period

DATVEC SUBEX1
Set up *he date vector for each data case

NEST . DATVEC
Generates an identity matrix for nested effects

REMOD SUBEX1
Print reduced model matrix. Generate data vectors for cells which
are present

WETAT SUBEX1
Finds the cell means and STD DEVS

SUBEX3 MAIN
Executive subroutine to obtain cross products metrix and sweep it

oep SUBEX3
Accumulate and store cross-product matrices of the data vectors

CWEEP SUBEX3
Perform Caussian sweep by matrix blocks

SUBEXL MAIN
Scan the significence test card ~d set up for each individual test.
Tirst scan up to the colen to get permanent covariates, extensions
and rotation types which hold for all the tests. Then skip to the
period and scan backwards. one test at & time, between commas and
minug signs.

HYERCO . SUBEXY
Set up matrices for a hypothesis-error only, hypcthesis-cov, hypothesis-
extension, or hypothesis~vector product analysis

HOHYCO . SUBEXL
Set, up matrices for no hypothesis-error, no hypothesis-covariate, no
hypothesis-extension, or no hypcthesis vector product analysis

THTER SUBEXL
Cet up matrices for interaction tebles

ERIC 59
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Table V (Cont'd)

Subroutine Name Function Called from

APLB MANY
Form matrices fTor the analysis subroutines

RECON . APLB
Reconstruction of matrices to conform to each other in terms of
what has been swept

GETM APLB
Get the I,J matrix from the SWP tape

SUBEXD MAIN
Jubroutine for controlling analytic sequence

ATOBTY MANY
“ubroutine to move matrix A tc B and transpose it

MAB MANY
Multiply matrix A times matrix B and put in C

MABT MANY
Multiply metrix A times matrix B-transposed end put in C

MATB MANY
Multiply matrix A-transpose times matrix B and put in C

OUTAB MANY
Cubroutine to print out tables

ROB MANY
Subrontine to get probabilities in several variance distributions
including ¥, t, normal deviates and chi-square

NDFLW MANY
cubroubtine to centralize IBM ERRSET controls

. WILKS MANY
Calculate the overall F-test for Wilks lambda criterion, for
multiple rootis calculate chi-square for Bartlett's dimensionality
g reduction

Hod MANY
subroutine to obtain eigenvectors and values of a matrix

TRIDI HOW
iri-diagonalization subroutine DWM 1517-UB




Table V (Cont'd)

Jut routine Name Function Called from
SIOVRO bOW

Jet up simultaneous equations for eigenvector with eigenvalue E

- 1GVAL HCW
tigenvalue subroutine for tri-diagonal matrices  DWM 1517-UB

VAR SUBEX2
Subroutine w0 provide estimates only or interaction tables *
L IMPED SUBEX2

Cubroutine to perrorm Jimension reduction setween separate hypotheses
of ANOVA

ADJHYP SUBEX2
Subroutine to adjust hypothesis variables sum of squares and
hypothesis-errors cross products

ALJERR R SUBEX2
Subroutine to adjust error sum of squares and rav estimates for
covariates
REDHYP SUBEX2

Subroutine to reduce hypothesis-errors cross products by error
regression weights

ECTADI , SUBEX2
Subroutine to obtain raw estimates adjusted for covariates from

raw cross products

RHAL SUBEX2
Performs calculations for ANOVA and CORREL
ECOMP ANAL
~ubroutine to decompose & symmetric matrix A into TT' where T is
triangular
PRANOV SUBEX?2
Gubroutine to print ANOVA calcwlations from ANAL .
PRCOR SUBEX2
Subroutine to print correlation calculations from ANAL .
PRSER SUBEX2
Subroutine to print serial corcelation calculations from
ANAL
GUBEXS SUBEX2

subroutine to sort out facter analysis procedures

TRAITV MANY
subroutine to follow immediately after DETER

61
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Table V (Cont'd)

Subroutine Name Function Called from
DETER MANY

Obtain determinant of A

SIMEQ , MANY
Solve (A + PHI*I)X = B . A is symmetric .
RESOL MANY

Solve. (A + PHI¥I)V = X subject to V(TR)*V = cON  (usuelly = 1.)
Restricted least squares.

FIRFAC SUBEXS
Subrcatine to generate first five solutions of factor analysis

ALPHA SUBEX5
Subroutine for elphe factor analysis: Michael Browne, circa 1968

MALFAl SUBEXS
Maximum likelihood factor analysis. Version 2. Variables giving
Heywood cases are partialled out.

MINRES SUBEX5
Least squares factor analysis. Fixed unit weights.

PRIFAC SUBEXH
Subroutine to print factor analysis results

RAO PRIFAC
Subroutine to compute Rao's test of significance for canonical
factor anelysis

RIPPE PRIFAC
Subroutine to compute Rippe's test for completeness of factorization

ROTCOM SUBEX?
subroutine for controlling rotations

VARMAX SUBEX2
Subroutine t~» perform quartimex, varimax, and equamax rotations

PROMAX SUBEX?
Performs promex rotations

WATCEN SUBEX2
subroutine for doing three rotations, multiple groups, orthogonal
centroids and orthogconal bounds




Jubroutine Name,

SRAM

PRIROT
Jubroutine

FXTEND
Subroutine

BATRED
Subroutine

ELIM
Subroutine

problem

VARED

INDSIG
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Table V (Cont'd)

Function

Facter to lower triangle and orthogonal matrix

\

for printing results of rotations
to perform and test extensions
to do battery reduction techniques on error variables

to partial out variables from a canonical correlation

cubroutine to calculate loss of variance due to orthogonalization
of design or Of covariance analysis

Subroutine to read individual significance test cards and options

63

Called from

WATCEN

SUBEX?

SUBEX2

SUBEXZ

BATRED

SUBEX2

SUBEX4




Arra;

VARNAM(MIL ,MIF)
"C'TART(l‘vﬂ‘cT)
TNAME (MNC,MIT)
QUAME( MNCQ)
X(MNSIGC*80)
HYPNAM(MNL)
ERRNAM(MNL)
OTHNAM{MNL)
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Table VI

Arrays with Variable Subscripts

o

=

(double precision)

(double precision)
(double precision)
(double precision)

EVSUM(MNL ,MNF ) =LEVSUB

ILHE(MVHE)

DUM(MNL ,MNL)

CONT(MNL ,MNL ,MNF)

JTABLE(MNF)
ICOUT(MNF)
NLEV(MIF)
CMPVAR(MNF)
2DNAM(MNF)
"‘RAT’(MNL MNL)
A A; i (ldNF‘)
.- TCUM(MNL ,MNF)
E‘E,CODE(I\&NL,MI\IF)
ATAME (MNA ,MNF)
S{MIF)
TE{MNF)
IC(MNT)
1 (MNF)
“TAFCD( MNF,MNT)
1CELL(MNF)
JAR(MNL)
VEC(MNCD)
[FL(MIF)
¥ TART(MNT)
PLer(HFMT)
"rm(wm,
- (3 MIISY ,MICELL

s LENT(MICELL ,MNF-2)

. THM(MICELL)

A

A(ZIORD,ORD)
22(:IORD, NORD)
*(JORD, NORD)
(:iORD,NORD)
(JORD,NORD)

R

a4

E?

Subroutines with Fixed Dimensions

MAIN,SUBEX1, SUBEXL
MAIN,SUBEX1,SUBEX3, SUBEXh

MAIN, SUBEXh
MAIN, SUEEXh
MAIN, SUBEXh

MATIN,SUBEX2, SUBEXL
MAIN ,SUBEX2, SUBEXh
MAIN,SUBEX2, SUBEXh
MAIN,SUBEX1, SUBEXh

MAIN ,  SUBEXY

SUBEX1
SUBEXL
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEX1
SUBEXL
SUBEX1

SUBEX2
SUBEX2
SUBEX2
SUBEX2
SUBEX2

($3%
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Table VI (Cont'd)

Arrays with Variable Subseripts

Arrax

NORD)
NORD)
NORD)
vk (NORD)
V5 (NORD)
AHYP(MNCQ) also AHYP(NORD)

14

V1
V2
V3

DVEC{MNT)
E(MAXD)
IBEG(MNT)
N1(MNT)
[2(MNT)
K1 (MNT)
K2(MNT)

D(MNL ,MNL
NROW ( MNT )
V{MiL)

LHE(MNHE,5)
A(MNL ,MNL)
B(MNL ,MNL)
C(MNL ,2%*MNL)
X(MNSIGC*80)
"NAME(MNC)
YD(MNL)
IROWC(MNHE)
D(MNL ,MNL)
AINTG(MNL)
BDY(MNL-30)

TOTNAM(MNL)  (double precision)

G

Subroutines with Fixed Dimensions

SUBEX2
SUBEX?2
SUBEX2
SUBEXZ
SUBEX2
SUBEX2 °

SUBEX3
SUBEX3
SUBEX3
SUBEX3
SUBEX3
SUBEX3
SUBEX3
SUBEX3
SUEEX3
SUBEX3
SUBEX3
SUBEX3
SUBEX3

SUBEXA4
SUBEXY4
SUBEXY4
SUBEXU
SUBEXY
SUBEXL
SUBEXY
SUBEXb
SUBEXL !
SUBEXh
SUBEXY
SUBEXY
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Table VII

g

imernsioning Constants

MIL=NORD= Maximum number of levels for a factor and one more than the
maximum number of continuous variables
Originates in MAIL, ZUBEX1, SUBEX2, SUBEX3, and SUBEXh
Standard version=i0

MiF= Maximum number of factors (including contimous veriables) plus 1
Originates in MAIN and SUBEX1
Standard version=8

MICD=MIT=NM= Maximum number of entries in the datae vector; maximum number
of terms on the significance test card; or meximum number of
matrices in core at one time (in SUBEX3)

Originates in MAIN, SUBEX1, end SUBEX3
Standard vepsion=258=2¥¥MNF+2

MIC= Maximum number of words in each term name on the significance test card
Originates in MAIN, SUBEX1l and SUBEXh
Standard version=3=1Z characters

MCICELL® Maximum number of cells for calculation of means and sigmaes
within cells
Originates in SUBEX1
Standard vercion=§16= %% (MiF+] )+h

MAXD= Maximum Jimension of a vector in SCP
Originates in SUBEXZ
Jtandard version=20,000, greater than L¥MNL¥¥2
(1t is importa’ .hat this be as large as possible without
. -tating the size of storage. It limits the size of the
sum~of-cross-products matrix. When the SCP matrix is not
iarge enough to hold the entire set of parameters, two or
more parses are made in a loogp which is the slowest part of
“he program. Making two or more passes through this loop
zreatly increases the cost of running the program.)

- \iCu= Meximum number of words in QUAME (a significance test)
Originates in CUBEXL
.Ctandard version=k0=160 characters

. (Through an error, the printout will only 1f5t NORD words
of the test statement.)

MNeInC= Maximum number of significance test cards
Originates in SUBEXhL
Ctandard version=9

Q (iéi
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Labie VIT (ont'l)

irensioning Constants
A= Jdaxinmum number of words in the variable format statement
‘riginates in SUBEXl
Jtandard version=230=10 cards

MuFs Maximum nurmber of items in each of tne LHE lists
“riginates in MAIN and CSUBEXH
“tanaard version=20

LIA= Maxinum number of characters in z factor name (the alphabetic
cription on the contrast card)

MICV= Maximuwm number of variables to be printed across a page for
cell means and standard deviations
Nriginates in SUBEX1
Jtandari version=8

o'/
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Table VIIL

Alterable Constants

Unnamed common in MAIN and standard version designations

KIN
KOUT
KPNCH
ISAVE
ITEMP
ICYOR
IKEEP
IBAG
ISIGT
I0TFIL
I13CPT
ISWPT
INFILE
UNDER
OVER
CNEARO
INFO

System input unit = 5

1l
[e)N

System printed output unit

I
-

System punched output unit =
Temporary storage unit = 19
Temporafy storage unit = 18
Temporary storage unit = 17
Temporary storage unit = 16
Temporary storage unit = 15
Temporary storage unit = 1k
Temporary storage unit = 13 )
Temporary storage unit = 12

Temporary storage unit = 11

Date input file if not KIN

Smallest number machine will handle = 1.0E-T0
Largest number macnine will hendle = 1,0ET70
Constant for controlling rounding error = 000001

Array for controlling analytic sequence
INFO(35) to INFO(50) unused on June 1, 1972

oS




INFO(1)

INFO(2)

INFO( 3)

INFO(L)
INFO(S)

INFO(6)
INFO(T)
INFO(T)

INFO(8)

INFG(10)

INFC(10)

INFO(10)

INFO(10)

INFO{11)

-’
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Table IX

Constants in INFO

If analysis of variance

If correlation

If factor analysis

It interaction tables

If variance reduction

If error sum of squares is residual

If error sum of squares is generated from estimates and
design parameters .

ANOVA: Degrees of freedom for hypothesis

CORREL: Number of variables in hypothesis set

Order of error sum of squares matri-

ANUVA: Number of variables

CORREL: Number of variables in error set

= Degrees of freedom for error

Controls battery reduction

1 Efroymson's stepwise procedure

3 Step-up procedure ;
2 Wherry-Doolittle procedure

Probability-level for adding and dropping variables in
battery reduction

id IHFO(10) Control standard analysis print-out

[}
[P I BN AR L VIR AV I

ot

a

= 0 Print minimel cets

= 1 Print intermediate sets

= 2 Print everything

= 3 Print INFO(10) output only

For ANOVA

= 1 Print orthogonalized raw estimates

= 2 Print disc. fn. coef. for standard scores

= 3 Print disc. rn. coef. for raw scores

= 4 Priat transf., matrix for canonical contrasts
For CORREL

= 1 Print canonical raw score regression weights
= 2 Print canonical raw score regrecsion weights to obtain unit

sul: of squares regressed scores
3 St. score and May score weights for regressing hypothesis

variables onto error~variables
For factor analysis
= 0 Print minimal set
1 Print everything
For VARED
0 Print data for hypothesis variables only
1 Print data about design parameters, contrasts and
correlations among hypothesis sums of squares
through INFO(14) Control rotation procedures
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THFG(1S)
INFO{1e)

TIFED10)
LRGN
IFN(o))
A

B I
0l 7
kD)
G0
-ur e
‘?‘ ! ()
el R)
,:.E‘. (\(‘))
RO
Y { \
. \ o !
i)
W R
i {4
INEn{35)

1"

wumber of factors in factor andlysis

= Criterion for letermini.g number of significant canonical
variates in MAJIUVA or canonical ~orrelation rotation problems

= 1 [{ Quartimax

= 2 [f Varimax

= 3 If Equamax

= 4 1¥ Promax

= 5% If mudtiple groups

= ¢ If orthogonal centroids

= 7 If orthogonal bounds

= 1 If factor analysis or direct rotation of canonical variatec
= . I+ indirect rotation of canonical variates
= | Tf taxonouy of variables

= 2 If taxcrnomy of groups

= surmper of covariates

(]
s

assical covariance aljustments

ber of extension variables

© a test with Jdimension reducticn
F

{

4 test with aimersion reduction and for same
4 test without dimension reduction but for same

1

= » rovariance reiuction vy error regression weights
1
.

= urber of i‘imensicns which have been set up for reduction
= Yumb r of observations minus number of parameters swvept out

1# raw estimates only for AROVA
= ! Trincipal component. of dispersion
trincipal componentc of correlation
2 Principal factor analysis

= . Image analysis

. canonical factor analysis

f axi urm likelib.od

7 Alpna

= M Minres

= U un communalities reguired

= ) I sopmunalities start with S5.M.C
= . 7% communalities supplied

»

-,

= ‘jumber of factors to be removed and tested = INFD(11)

= Cigrificance *ests procedure

= 3 I ndne

= . [ Rao's

= . I tippe's

= planx

= Power ¢ .1 to be uwet as a convergence criterion (multiplied by 10)

vumber of indivitua. significance test cards

PO

rrhapeanal bounds

L mber of ecalle to INLGIG li.e., number »f the curreat hypothesis test)
Te yotations are multiple groups, orthogonal centroids or

Sapts tae narber o £ oanaivadual significence test cards read in ILDOIG

= current [NFO(3)

- e '3 for oprevious tect

oW eqlls to Wilks from DINGAED

1 7~ prevent copying of data file for reanalysis

i

4
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Mathematical lotles

Mede notew are U desceribe tne mathematical calculations involved
ooclvaing the lineuar rodel,  As the steps are described, the sub.outines
whion execate these steps will be indicated in capital letrers within
tarentheses,

™Me program ic written as a full linear model. That is, as the vector

S sy arements £or each observation are read into the computer, dummy
Lo eters (or desien parameters or fixed variables) are added to the
m

s oter according to the requirements of the linear model (DATVEC). The

rew tate veetor incluting Aunmy parameters and measurement variables is

«
.e
o
at
s
2
-3

.
o
.
=
2
P
M

om 41 _bservationsmve been read in and data vectors have beer

LAt racted, L Sum-of=sgasres and cross-products matrix is then constructed
" ‘. picr to accord o tate analyses which have a large number of

tre 5 am=o{=3quares and cross-products matrix is not necessarily

>.v in thee machine. The program generates and stores as large

55 possible, then rewinds itself and generates

oot Tarew portion of the matrix, Unfortunately when it is necessary

vt e L= r=squaares and oross-products matrices in portions, the

cerenLe o4 ran anereases oreatly. {¥>rtunately this is a very rare
e epeniesy ) Lhee speut=squdres matiix is partitioned into submatrices
Wl are compaetely tetermined by the effects listed on the model card.
Co e te1x 12 stored om odisk as partitioncd blocks and elements within
L. k- ratier tnan elements within a matrix,
taa

Tree tarp e fe Tare Yedqares =qtrix is then reduced to the sums f

rednets for the various effects as required by the

eed
-
-
3
]
i
=
e
jo
Pl
"3
b
"
<
-

ERIC

Aruitoxt provided by Eic:




model {CWEEP)., This is done by sweeping out the effects listed in the
model in the order in which they appear (from leTt to right) on the
significance list card., A statement of the orier appears on the print-
~ut.  The sweeping process is done ac o strarghtforward Gaussian reduction,
bt inctead of reducing the matrix *» 4 liagcnal . clement at & time, the
process reduces *he matri a partiti red tlock at a time, That is, the

Gaussian sweep is generalized from an element 1t a time to a submatrix at

a2 time., Otherwise, the process ised iz that descrited by Bock'(IQEﬁ).

Subsequent to the sweeping prccess, - thé” appropriate sums-of-squares
and cross-products matrices for each linear analysis are assembled (SUBEXL)

and passed on to :he appropriate analytic section.

AlIOVA and CORREL Solutions

Analysis of variance and correlation problems stem from the determinantal
equation

| A~AB]=0 (1)

where A is a matrix of the sum of squares and cross products for hypothesis
4nl P is, for ANOVA, the sum of squares and cross products for errors or,
for CORREL, the swne of squares and cross products for "totais" (ising the
convention that the sum of squares for errors plus the sum of squares for
hypothesis is the sum of squares for totals regardless of what other
parameters are in the model for the data).

“he solution of this equation {ANAL) is accomplished ac follows.

., The matrix B is scaled to correlations and A scaled
compatibly.

ERIC
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The scaled B is decomposed (LECOMP) into a product of
trianguiar matrices, This triangular matrix is then .
inverted and pre- and postmultiplied onto the scaled A,
This results in reducing the original determinantal
equation into a single matr.x eigenvalue problem.

s. the eigenvalues are calculated and eigenvectors determined (HOW).

This description is the essential flow of the calculations. However,
: there are many side statistics calculated to provide expository material for
the analyses. Table X lists the side statistics and gives their formulations.
In Table ¥ the symbols have the following meanings.
7~the hypothesis variables: in ANOVA the dummy parameters, dummy

variables design parameters, fixed variables or independent
variables; in correlation the independent veriables or predictors.

They are assumed to have mean z€ro.

X-the error variables: in ANOVA the observed variable., the
jependent variables, the continuous variebles: in correlation
the criteria or dependent variables. They are assumed to have

mean 2ero.

When ‘e determinantal equation (1) is written for correlation problems

zing U oani X, 1t can be written in matrix notation as
(7v%) - (X)) = 0. (2)

t.ec v ) are the squared canonical correlations. When the egquation

analysis of variance, the matrix B is

¢
L
x
[
o
+*
o+
-
b}
3

S S I O U B CAL A M VAD ¢

) ..+ ccp copvenience of writ.ng wi.i still ve notated X'X even though

te oo reslaual error or witnin-cells matrix. The values of X here
.
terome ratios of gams of sguares.
A A nf equati. ol

- i, the liapenal matrix of the square roct
) a1y 1n correlati n problems this is divided by a constant

£ Koo

to give the standard deviations of the 2 variables.

3 of *he ligprnal of
e
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o is the diagonal matrix of the square roots of the diagonal
of X'X. 1In correlations problems this is divided by a
constant Lo give the standard deviations of the X. In
analysis of variance this is divided by a constant to give
the standard errors of the X, (The matrix X'X i3 not
the same in both solutions.)

-1 -
Q is the triangular decomposition ¢f GX X'XoXl
T is the matrix of eigenvectors of
-1 - - -1 -
Q! o\(l(x':?,)(z'z)l(z'x)oX Wt ol =0

DFH degrees of freedom tor hypothesis
DFE degrees of freedom for error
The final matrix equation of the solution can be written

X-l/2 1 -l(

- -1 1 -1/0
Ta%)
TQ' oy (

X'2}(2'2) 7 (7' xJo} ot = 1.

The various parts of this formulation are entered in Table X and cross-
referenced to Teble I to help the reader recognize the printed output if he

is not familiar with the style of nomenclature used here. .

Factor Analysis Solutions

The factor analytic solutions available in VARAN are common ones and
the nomenclature used is standard. The subroutines for doing the maxXimum
1ikelihood, ALPHA and MINRES procedures, were written by Michael Browne
and were merely adepted for use rere. These routines print out information

which i: not generslly used but was retained nevertheless,

Irteraction Tables

The mathematics of calculation of interaction tables is simple enough.
The parameters for nesting within the cells of the desired interaction are

generated, end the estimates for this design are ralenlated, viz: WAR

/1
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1roduces the estimates for the cells <f the AR face of 1 factorial design,
SLe FrAan bt mean must net o oe ntloades an GhIARD rodepo
The acronym INTARL corctples the ANCTA L wdations when estimaes

»ave been Obtaired, then prirts them ont,

vurisnce Peduction Analys:v

M

—

[
i

/ariance reiuction analy i il procedure for 2valuting the

e et of Lnbalanse in an ANDVA @S.pn dus to une 11aL cell sizes,  Basically,
‘he nypothesis sums of ..quar 3 ! r ‘he given test is generated both before
ani after taking acrount of the inequality of cell sizes. (The arand mean

3

¥, h

is not removed from the -data.) The "before" sums ~f squares is assumel

¢~ be 100 per cent of the data available, When the "after" sums ¢* sguares

is larger than the "before" a negative lcss is indicated,

Dimensicn Reducticn Analysic

This feature is available through the significance tect card and is
indicated by 2 minus sign (-). In use it pertains to a feature of multi-
variate analysic of variance and canonical correlation which has no uni-
wariate amalog,

To explain its use, suppose We are giver fwo independent statistical
aypotheses, both involvine the same error variables, such as an interaction
i a main effects test in a MANOVA 1ecign »f p variables, Cuppose the'
irteraction test, APR=V, has r < p sipnifizant dimensions {or roots).

“hese  r limensions of the p  dimensions ~f errcr have the sane

=

r werties a3 r  variable~ in  r univariate analyses and sugeeost that
cowein effects L thea»r v osariallec ooy o b e e ey Cuether . How—
cyer tpe remaining  per jimensions of errer are uot anteract  ve and can

Le reas-onably tecte] over the madn efifect gy

YO

4 -
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The test of the main effect of A on the p-r dimensions of error is
reasonable and can be effected by obtaining p-r linear combinations of the

error veriables which are independent of the significant interaction dis-

criminant variables and analyzing these.

The method of dimension reduction removes the significant interaction
discriminant variables from the sums of squares for the test A=V, This
forces those same linear combinations of the error variables to have zero
roots in the deéerminantal equation |A—AB| = 0, thus removing them from
the analysis. The main effects test A=V is then calculated, and the
multivariate probebility tests are compiled as if there were only p-r
varisbles in the test. The univariate F ratios are not altered.

The notation on the significance test cerd to produce this test of A
is

ANOVA :W=0 , A=V-AB=Y,
with an individual significance test card used to indicate the probability
level in the test of AB=V which determines both significance and the
number of canonical variates to be removed frcm A=V.

In addition to this application to analysis of varience, dimension

reduction can also be applied to canonicael correlation,
CONREL :W=0,V1=V2-V3=Vo,
ani s u type of analysis of covariance,

ATIDVA (W=D A=V1-Vo=V1.

LN
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Rotation Procedures for Canonical Variates and Factors

Eight rotation procedures are available for multivariate solutions to
linear models. Four of these are familiar techniques of factor analysis:
Quartimax, Varimax, Equamax and Promax. These four techniques apply
mathematical criteria to the solutions and rotate the correlations between
the canonical variates and the variables to & solution that is presumably
more comprehensible to the researcher.

The remaining four rotation procedures apply external criteria to the
rotational procedure. In multiple groups, orthogonal centroids and orthog-
onal bounds, a set of regression weights are entered and used to determine
the correlations between the rotated canonical variates and the variables.
This makes all these procedures Prccrustian in form; however, they are not
explicitly Procrustian in that they use regression weights, not target co-
efficient matrices. The multiple groups procedure obtains an oblique
solution. The orthogonal centroids scheme is similar but uses the first set
of weights optimally, then uses the second set of weights optimally but
orthogonal to the first set. Successive weights are fitted optimally but
orthogonal to all the previously fitted weigh's.

Orthogonal bounds is Procrustian in form also. First a multiple group
ovlique solution is found then an orthogonal envelope is found which has a
least squares fit about the multiple group solution. The correlations
between the canonical vsriates and the veriables are rotated to the envelope.

The orthogonal Procrustes scheme is due to Norman Cliff and is
referenced in the bibliography. The calculation scheme is due to Roger
purnell. Here the weights supplied are the "target" matrix of coefficients

and nnot regression weights.

"




-65-

SAMPLE INPUT

J/ULEIbeoue  JUK (hnuu,ph,lu,v,QQQ),'vQ161,IKN,hALLLHAb',LLASb=t
J/7STEPL EXFC POLm=VAKkAN kEGIUNE (4 168K) 4T IME=D

J/5TePLIn vt DSn=HALLLIb sl 122314 ,VUL=5ER=RESL Tty UISP=dHR
//FTUSFOUL LD DLNAMESSYS TN

N VA SHNEUYASY ¢y BV g =y
(211yluxebro.,u)

J/FTOBFCUT Ul SYSUUT A, ulB=(KECFMEFRA  LRELL=133ybLRSTZE=3498)

J/FTLLFOUL 1 SeaCF=(LYLy (L9 1) )y ISPankwUnT F=D] oK

J/FTLZraul o SPACLF=(LYLs( Ly 1)) sUlSP=EnNtw,UNnTIT=D IoR

J/ETL3F00UT 1) SPaCkF=(0YLy (191)) yUISP=NEWUNT F=DT SN

J/FTLaF00] b0 SPALE=(LYL y(191)) yulSP=nbw,UNIT=0 I5K

J/FTLIOFUUL D0 SPACE=ECYLy (1 91)) sDISP=ivE wyUNT T=UT OK
’ J/FTL6FOUT U SPACE=(CYLytly1))yulSPntw UnIT=D TN

J/FTLTFOOY U SraCk=(LYLy (L e1) ) yulSPntw,unTT=0T 5K
. J/FTINEOUL 1 SeACE=(LYLy (19 1) ) yuISP=nEw UNTT=DISK

J/FTIY9F0UT b SEaCE=(CYLs (L gl))sulSPEntw,,UNTT=0T 50 ‘

//75YSTEm b

PITLe PRURLEM Uy 1wl waY FACTURIAL

FLTILE maXxbeuss pmiva brlnmtyud

PHLr CRLL sramy 2R bt

FIVLE eRIwnT wREpUQED sUbEL malkIX

TI1TLeE TEST prbmltm Fkom HALL Any CRakER

Pritis 1 3 1 1 Ve

13 / s bal Tk a,

Z yeg et bt oy
v ST srra Gl Loty varlabkled.
Prwlin | ERKIIK 2 bkFEUR 3 ERRUK & ERRUK D5 ERRUK 6

t1-
1i»
{3 et
[
Lo
[ e
11~
1o
1in
[ o)
1am
len
l/,»
loh
1 /Zn
1/‘.
12"
L/m
l/7a
[P
21
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Zln
1l
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i
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by
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o1
27
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BXS
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"y
)
/]
le
743
(&
75

DhY,
(Y,
e ]
{1,
9R T,
ral,
) f
A,
[aRe IR
DD .
a0l
b 1
Ila.
1l
1.
el o
DT e
Db
Y,
"y My o
15D
m G b,
104,
LN
N 3,

126,
170
~ 9 e
Lufre
(YR
1%
AN
16,
147
Lot
Yl
Ila.
sl
1zn,
e g
e
M5
179,
ToY.
AN
17
YE o
luve.
14/
91

LU .
1uDe.
¥l e
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H 4.
11,
49,
D4
Y
culs
6l e
D¢ .
YU
A,
57
6%
ah,
B
Y4,
9l
67
{4,
49,
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IV

200
360 .
rloe
351
HHG .
“1Y9.
416,
Gy,
49Y .
474,
51ls.
416,
491 .
O30 .
“4 (]
405 .
D40
Al
bhe,
1D e
RV
599,
390
432
4499,

4,
Lo
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e
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D
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Z1ln 16 992. Bl 67, 362e 2o 17.

1 77 529. HYe 90 65Te 2o Lae

ln 7 bhhe YUY, 67. HHY e 1. ik,

s 79 419. lvd. 77, 49¢%e 3 19

21ln HU Y498, TR, 59 . 397+ G U

229 81 662, 19, 48, 485. Y. 14

229 8z 6bBe BB 42 36le 2o Y

224 ¥ bSly,. 110 LG8 491 . Se tle

/729 84 GaYe YU, 66 . G484, 4. Ye

229 8o 647. 80U« 6. 482 . 4, o

229 86 H589. 64, 44, 337« 3 1be.

229 87 46, T3 60. Y9G e G Oe -
229 b Tu8e Ybo 65, 6U1 « 4, LG

24 89 T63+. 139 92 48Ue Lo 17

£¢s YU D78 1UZe 6b. 6bH3e 3. ~Re .

TITLE SPECIAL CUNTHASTSy humiiGEwt 1TY UF REGRESS TUN, CaminvICAaL CURRELATIuM,
TITLE ROTATIUN UF CANUNICAL VARIATESy NAMEU CUNTRASITS AN Ma X mim

TITLE CURRELATIOLN PRINTUUT

TITLF TEST PRUBLEM FRUM HALL AnD CRAMER

PR 1 2 1 2

Al 41 1211122122y 9SPECTIAL CUNTRASIS.

1ST-4TH 2nU=-3RU LEFTOVER

1.0 1.0 1.0 l1.v
1.0 ~l.0
1.0 -loU
1.0 -1V -l.0 1.V

v 6 1 3 3,999 VARLIABLES.

ERROR 1 ERRUR 2 ERRUKR 3 ERRUR 4 EKRUKR Y ERRUOR 6
CURREL :Ww=0yA=0,yV2=V]1,AVL=V],
{I12y10X46F6.0)
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CORKELATIUNS bETWEEN THE ERRUR VARIABLES AND THE
RUTATED CANUNICAL VARIATES

CANONICAL VARIATE

VARIABLE 1 2 3
ERROR 1 0.9916 -0.0594  =0.1149
ERRUK 2 —-0.0618  0.968>  (.2473
ERROK 3 -0.1250 042464  0.9611

TRANSFOURMATIW  raTRIX

Tkard>e VECTUR

CANe VAR 1 2 T3
0.6808 =0.4192 046007
-Ue2Y9%4 0e5892 Ue 7500
0e6685  0.6907  =0.2756

SURM=UF-SOQUARES ~maTRIX OF RUTATEL HYPUTHESIS CANUNICAL VARIATES

CANUNICAL VARIATE

1 2 3 3
1 0.1151  -0.0747  0.0669
2 —0.0T47  UGe0Toh  =040157
3 0.0669  -0.0157  0.1333

JEIGHTS FOR REGRESSING ERROK vakIarLkS GNTU ROTATED ERRUR CAMONICAL VARIATES

CamOnICAL VARIATE

VARIABLE 1 2 3
ERRUKR 1 0.0065 0.0002 0.,0008
ERRUR 2 e 0017 0.0552 ~0. 0139
ERRUR 3 0.0047 ~0.0113 0.0467

TEST WITH MO ERKROR ~OT DONE
aA=0

TEST WITH NO ERROR NOT DONE
()

219
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VARAN:  LINEAR MODEL VARIAMCE ANALYSIS
FIRST EDITION: JUNE 1, 1972
FDUCATIOMLL TESTING SERVICE

PRINCETON, N.J, 08540

END OF PROBLEMS

d<0
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